Cows' milk contains approx. 3.5% (w/w) protein, about 80% of which is classified as casein, a mixture of four phosphoproteins, as,-, a,*-, /?-and K-CaSeinS, in the approximate proportions 4:1:4: 1. All the caseins are insoluble at pH4.6 and exhibit considerable microheterogenity. The a,,-, as2-and /3-caseins are insoluble at Ca2+ concentrations greater than 6 m~, but are stabilized by rc-casein in the form of coarse colloidal particles, micelles, with molecular weights of approx lo*. Proteolysis of K-casein results in destabilization of the caseinate system. The
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caseins have an open, largely random structure which, inter alia, makes them readily susceptible to proteolysis, and because the caseins, especially P-casein, are strongly hydrophobic, casein hydrolysates tend to be bitter.
The proteins soluble at pH 4.6, i.e. the whey proteins, are very heterogeneous. The principal proteins, @-lactoglobulin and a-lactalbumin, are typical globular proteins with a high degree of secondary and tertiary structure. In undenatured form, they are remarkably resistant to proteolysis, even by very active, broad-specificity proteinases. Consequently, with a few minor applications of exogenous proteinases, proteolysis in milk and dairy products is concerned with the caseins.
Major reviews and texts on the milk protein system include: McKenzie (1971 ), Lyster (1972 , Swaisgood (1973 Swaisgood ( , 1982 , Farrell & Thompson (1974 ), Schmidt & Payens (1976 , Slattery (1976), Whitney et al. (1976) , Davies & Holt (l979), Schmidt (1980 , Brunner (1981) , Fox (1982) and Dalgleish (1982a,b) .
Indigenous milk proteinases
The presence of a low level of indigenous proteinase in milk was suggested by the work of Babcock about 1890, but doubts that it may be of bacterial origin persisted for many years. It is now well-established that milk does contain at least one proteinase which has assumed considerable technological significance in recent years. The subject has been reviewed by Humbert & Alais (1979) , Visser (1981) , Fox (1981a) , Suhren (1981) and Reimerdes (1981 Reimerdes ( , 1982 .
The principal indigenous milk proteinase, which is associated with the casein micelles, has been highly purified by several methods, including affinity chromatography on Sepharoselysine. It is a serine proteinase, probably identical with plasmin, with optimum activity at pH7.5-8.0 and 37OC. and mol.wt. 48000; it is very heat-stable and survives even UHT (ultra high) processing (142OC for 3s). Like trypsin. it is highly specific for bonds adjacent to lysine residues and in milk is most active on @-casein, which it hydrolyses to y-caseins and proteose peptones. a,,-Casein is also very susceptible, but the products have not been identified. a,,-Casein is hydrolysed slowly. but rc-casein and whey proteins are very resistant (P-lactoglobulin is a weak inhibitor).
The commercial significance of milk alkaline proteinase is still unclear. Since its activity in milk increases with advancing lactation, it may be responsible for deterioration in the processing characteristics of !ate-lactation milk. It may be responsible for age-gelation in UHT milks, but addition of trypsin inhibitors to aseptic milk does not prevent gelation, suggesting physico-chemical changes as causative agents (Harwalker, 1982) . It contributes to a limited extent to proteolysis in cheese.
Milk is also reported to contain an acid proteinase, thrombin and aminopeptidases, the action and significance of which have not been clarified.
Endogenous proteinases in dairy products
Milk and dairy products contain a variety of micro-organisms 598th MEETING, DUBLIN capable of secreting proteinases and peptidases (which I shall refer to as 'endogenous proteinases'). The most commercially significant endogenous proteinases are those secreted by the starter and adventitious microflora in cheese (streptococci, lactobacilli, Brevibacterium linens and Penicillium spp.) and by psy chrotrophs. Psychrotrophic proteinases. The now widespread practice of refrigerated storage of milk for prolonged periods is selective for psychrotrophs, predominantly Pseudomonads, which may become the dominant microflora. Many psychrotrophs excrete extracellular proteinases and lipases, and, although the bacteria themselves are readily killed by pasteurization (72OC for 15 s), their extracellular enzymes are remarkably heat-stable and many survive heat treatments of 15OOC for 10s; consequently they cause spoilage in many dairy products, especially in sterilized products.
Since heat by Ca2+; their Z-value (70-I5O0C) is 32OC, but they are unstable at 55*C, owing to autolysis; the molecular weight ranges from 40000 to 50000.
Starter proteinases. All fermented dairy products rely for their manufacture on the growth of relatively high populations of streptococci and/or lactobacilli, (added to milk as 'starter' cultures), whose immediate function is to convert lactose into lactic acid. The mesophilic starter bacteria (Streptococcus luctis and S. cremoris) are nutritionally fastidious and require some pre-formed amino acids for growth. Milk contains sufficient free amino acids to support the growth of starter to only 8-16% of the cell density normally encountered in acid dairy products (Mills I % Thomas, 198 1). The additional nitrogen requirements are obtained from milk peptides and proteins by the action of a range of proteolytic enzymes that these bacteria possess. Considering the industrial importance of fermented dairy products, relatively little is known about the proteinases involved in the nitrogen metabolism of starters. The subject has been reviewed by Exterkate (1979), Law (19806, 1981 Law (19806, , 1982 and Thomas & Mills (198 I). Thermophilic starters ( S . thermophilus, L . bulgaricus) also possess a range of proteinases and peptidases (Desmazeaud & Juge, 1976 ; El-Soda ef af., 1978), but these are even less well characterized than those of the mesophilic starters.
The role of starter in cheese manufacture does not end with the production of lactic acid at a proper rate, which is essential for good cheese manufacture. Proteolysis during ripening is an essential feature of the production of most cheese varieties. Most of the initial stages of proteolysis is performed by residual coagulant (rennet), but proteinases and peptidases released on lysis of starter cells appear to play an essential role in the production of small peptides and free amino acids , 1980) . Non-starter profeinases. The starter bacteria die out during the first few weeks of ripening, but a variety of secondary micro-organisms grow in cheese and contribute to proteolysis and flavour development [see Law (1982) for referencesl. Lactobacilli are the principal non-starter bacteria in hard and semi-hard cheese. Although these bacteria are weakly proteolytic, they d o possess several proteinases and peptidases, some of which have been purified and characterized and which may contribute to proteolysis during ripening.
Propionibacterium shermanii is an important non-starter bacterium in Emmentaler and Gruyere cheese. Its principal role is in gas production for eye development, but it possesses proteinases and peptidases which are released into the cheese on cell autolysis. A proline-releasing peptidase is very active and is particularly significant, since proline is considered to impart the typical sweet taste to Emmentaler cheese.
Brevibacterium linens is a component of the surface-smear microflora of many varieties, e.g. Gruyere, Limburger, Port Salut. It is highly proteolytic and capable of hydrolysing casein to free amino acids. Furthermore, it is capable of metabolizing methionine to methanethiol, which is considered to be an important flavour constituent in many cheese varieties.
Extensive proteolysis occurs in mould-ripened cheese: up to 50% of the total nitrogen in Blue cheese may be soluble in 12% trichloroacetic acid, and free amino acids may represent 10% of total nitrogen. The ripening moulds, Penicillium roqueforti and P. caseicolum, produce a wide range of proteolytic enzymes, including acid and neutral metalloproteinases and carboxy-and aminopeptidases, many of which have been well characterized (Gripon & Debest, 1976; Lenoir et al., 1979) .
Exogenous proteinases
Rennets. The use of acid proteinases to coagulate milk for cheese manufacture is by far the most important application of enzymes in dairy technology, indeed in all food technology. Calf chymosin was the traditional enzyme used for this purpose, but a shortage of supply has led to the use of rennet substitutes, principally bovine, porcine and chicken pepsins and extracellular acid proteinases from Mucor rneihei and M. pusillus.
The literature on rennet substitutes has been reviewed by Green (1977). Nelson (1975), Martens & Naudts (1978) and de Koning (1980).
The Phe105-Met'06 bond of K-casein is several orders of magnitude more sensitive to hydrolysis by acid proteinases than any other bond in the caseinate system. Much work has been done, by using synthetic peptides, to establish why this bond is so susceptible to proteolysis Raymond & Bricas, 1979 ). It appears that the segment of K-casein between residues 98 and 129 is required for maximum proteolysis (Hill & Hocking, 1978) and this segment may occupy an exposed location on K-casein, for example on ap-turn (Swaisgood, 1982) Cleavage of K-casein reduces the zeta potential of casein micelles which coagulate in the presence of Ca2+ above 2OoC, representing the first step in cheese manufacture. The overall coagulation process has been reviewed, among others, by MacKinlay & Wake (1971), Ernstrom (1974) and Dalgleish (19826) .
There has been limited interest in the use of immobilized rennets for cheese manufacture (Taylor et al., 1979) . Technical success has been claimed, but doubts have been expressed as to whether fully immobilized rennets are capable of coagulating milk (Beeby, 1979; Fox, 1981b) .
About 90% of the rennet added to milk in cheese-making is lost in the whey at draining but the rennet retained in the curd plays a key role in cheese proteolysis with important consequences in the development of cheese flavour and texture. The proteolytic specificity of chymosin on isolated caseins and in cheese is now well established (Fox 198 la$) .
Other uses of proteinuses. Accelerated cheese ripening. Cheese ripening is a slow, expensive and partially uncontrolled process: consequently there is increasing interest in accelerating ripening. Various approaches are possible (Law, 1978 (Law, , 1980a , but commercially available cheap enzymes are considered most attractive in the short term. The accelerating effect claimed for P-galactosidase has been shown to be due to proteinase contaminants in the P-galactosidase preparations.
Protein hydrolysates. Casein is not a good substrate for the production of enzymic protein hydrolysates because of a marked propensity to bitterness: however various techniques are
VOl. 10 BIOCHEMICAL SOCIETY TRANSACTIONS available to decrease or remove bitterness (Fox, 198 la, b) . There are a number of reports on the use of proteinases to modify the functional properties of milk protein isolates (Fox, 198 la, b) , but these are not yet commercially applied. Proteolysis is an essential part of the brewing process. It is induced during malting, the breakdown of cell-wall proteins. clearing the way for attack of the starch granules by amylolytic enzymes. It continues during the hot-water extraction of the malt until quenched by boiling. By this time sufficient amino acids have been produced to provide sustenance for the yeast. Proteolysis can be re-activated during maturation of the beer providing a final blitz on those high-molecular-weight 'proteins' which contribute to the formation of haze in packaged beers.
Proteolysis in Brewing
Since it has an important influence on beer parameters such as colour, clarity, foam and flavour, its control is essential. The proteolytic enzymes discussed in the brewing literature are not sufficiently well defined to be classified according to IUPAC (International Union of Pure and Applied Chemistry) nomenclature and are best described under the broad titles of endo-and exo-peptidases. The endopeptidases exist as thiolendopeptidases (Enari & Mikola, 1977) . Burger & Schroeder (1976) have separated them into 16 fractions by using electrophoresis. The exopeptidases can be divided into two groups. The first group consists of four neutral aminopeptidases, one alkaline aminopeptidase and one alkaline dipeptidase. The second group includes the carboxypeptidases, of which three acidic isolates have been separated by Moeller et al. (1970) . Approx. 30% of the proteolytic degradation taking place during brewing occurs during the malting process where the storage protein hordein is degraded. Hordein, extracted from barley with hot 70% (v/v) ethanol, can be separated by electrophoresis into eleven components (Baxter, 1976) . These
